SUMMARY Dogs exposed to acrylamide develop a sensorimotor peripheral neuropathy and megaoesophagus. The presence of neuropathy was confirmed electrophysiologically and histologically. Hindlimb motor conduction velocity was reduced and there was a loss of large diameter myelinated fibres in the dorsal common digital nerve and the tibial nerve. The conduction velocity of vagal motor fibres innervating the thoracic oesophagus was not decreased; there was a reduction in the conduction velocity of the mixed nerve action potential of the vagus. Degenerating nerve fibres were observed in the vagus in the midthoracic region. The damage to vagal nerve fibres may be an important factor in the causation of megaoesophagus.
Dogs exposed to acrylamide develop a peripheral neuropathy, the clinical features of which are similar to those observed in other species.1-5 One unique feature of canine acrylamide neuropathy is the association with megaoesophagus. 6 Since an association has been reported between oesophageal dysfunction and peripheral neuropathy in alcoholic and diabetic neuropathy,7 8 it seemed relevant to investigate the pathophysiology of megaoesophagus in the dog exposed to acrylamide. A preliminary report of this work has been published.9
Methods
Histological and electrophysiological studies were performed on hindlimb nerves in 22 greyhounds given acrylamide orally at a dose of 7 mg kg-d- ' . The method of administration, the animal care and the clinical findings have been described previously. 6 Neurophysiological techniques In the present study 45 control and 22 affected animals were used. Autonomic, histological and electrophysiological studies were carried out on 14 affected and 24 control animals, which were anaesthetised by halothane induction followed by chloralose-urethane intravenously at a dose of 50 mg chloralose, 500 mg urethane/kg. Electrophysiological and histological studies on the vagus were carried out in eight other affected animals and 21 control animals which were anaesthetised with intravenous sodium pentobarbitone at a dose of 30 mg/kg. All animals were Peripheral nervous sytem Motor conduction velocity (MCV) in the sciatic-tibial nerve was determined by stimulating at two sites and recording the electromyogram of the interosseous muscles of the hindpaw (fig 1) . The sciatic nerve was exposed in the mid-thigh and the tibial nerve was exposed 2 cm proximal to the tuber calcanei. The nerves were stimulated supramaximally through a pair of silver wire electrodes with a 0-2 ms duration square wave (Devices Isolated Stimulator Mk 4). The proximal tungsten-iridium recording electrode was inserted subcutaneously over the central tarsal bones and the distal electrode was inserted over the metatarsal bones. The recording electrodes were connected to a capacitorcoupled differential input preamplifier and the output was displayed on a Tektronic 5113 Dual Beam Storage Oscilloscope. The distance between the electrodes at the hock and mid-thigh was measured to the nearest millimetre with the leg straightened but not stretched. Latency was measured on the photographic record from the start of the stimulus artefact to the onset of the first negative deflection of the muscle action potential. The amplitude of the compound muscle action potential was measured from the baseline to the peak of the negative phase of the wave.
Conduction velocity in vagal motor fibres innervating the oesophagus The conduction velocity of vagal motor fibres innervating the oesophagus was determined by stimulating the vagus supramaximally at two sites and recording the electromyogram of the lower thoracic oesophagus (fig 2a) .
The left cervical vagus was exposed, severed at the level of the carotid artery bifurcation and a pair of stimulating electrodes was placed on the distal stump; the vagus was kept Conduction velocity of the mixed nerve action potential of the vagus After the nerve was sectioned, the conduction velocity of the mixed nerve action potential of the vagus (MNCV) was determined by stimulating the vagus in the chest and recording the compound nerve action potential in the cervical stump. MNCV was determined for two different lengths of the vagus. In a paraffin pool, the nerve sheath was retracted and the cervical vagus was placed on bipolar silver silver-chloride recording electrodes (interelectrode distance = 5 mm). The nerve was not dissected. One pair of stimulating electrodes was placed at the 
Results

NEUROPHYSIOLOGICAL STUDIES
Motor conduction velocity in sciatic-tibial nerves (table 1) The distal latency recorded when the tibial nerve was stimulated ranged from 3*2 to, 4-1 ms (mean, 3-7; SD, 0-4) in the control animals. The distal latency in the acrylamide affected group ranged from 3*5 to 5-6 ms (mean, 4.4; SD, 0-6) which was significantly longer (p < 0.01). The mean distal latency was increased by 19%.
The MCV in the tibial nerve of nine control animals ranged from 51-6 to 65 8 m/s (mean, 59-2; SD, 4-4). The MCV in eleven acrylamide affected animals ranged from 45 2 to 56-0 m/s (mean, 52-4; SD, 3.3), which was reduced (p < 0.005). The mean MCV in the acrylamide affected group was reduced by 11 % compared with the control value. The mean temperature of the hindlimb measured near the stifle was 37-7°C (SD, 0.5) in control animals and 37-50C (SD, 0.4) in acrylamide affected animals. These temperatures were not significantly different (p > 0.05).
In both control and acrylamide affected animals the compound muscle action potential recorded from the interosseus muscles of the hindpaw had a similar configuration on stimulating the tibial nerve at the ankle and the sciatic nerve at the midthigh ( fig  3) . The amplitude of the compound muscle action potential produced by stimulation of the tibial nerve at the ankle ranged from 11 to 22 mV (mean, 17; SD, 4) in eight control animals compared with a range of 7 to 20 mV (mean, 11; SD, 4) in ten acrylamide affected animals; these were significantly different (p < 0-05). The mean amplitude of the muscle action potential was reduced by 35% in the affected animals. ' (table 1) The configuration of the compound nerve action potential recorded from the cervical vagus when the thoracic vagal trunk was stimulated supramaximally at the level of the lung hilum was similar in control and acrylamide affected animals. A large A wave was always obvious (fig 6) . The MNCV ranged from 42*9 to 60*0 m/s (mean, 50*3; SD, 5-4) in the control animals. In the animals with peripheral neuropathy the MNCV ranged from 37-4 to 52-8 m/s (mean, 44.4; SD, 5.6) which was significantly slower (p < 0-05). When a well defined C wave was observed conduction velocity was measured. The mean C wave velocity in four affected animals was 1*4 m/s; this was identical to the mean C wave velocity in three control animals. The mean distance between stimulating and recording electrodes, and the mean vagal nerve temperature, were not significantly different in the control and affected animals.
When the vagus was stimulated supramaximally a few centimetres above the diaphragm a well defined compound nerve action potential was not observed. In both groups of animals there were discrete spike potentials with an amplitude of 1-2 ,uV ( fig 6) . The conduction velocity of the fastest fibres ranged from 23*8 to 440 m/s (mean, 33*1; SD, 7-0) in the control animals and from 18*9 to 37-7 m/s (mean, 23*5; SD, 7.2) in the affected animals. The difference was significant (p < 0.025). The mean C wave velocity was 1-3 m/s in four control animals and in four affected animals. Both the mean vagal nerve temperature and the mean distance between stimulating and recording electrodes were not significantly different in the two groups of animals. there was a reduction in the total number of nerve fibres with a predominant loss of large myelinated types. Several large fibres showed degenerative changes but there was no appreciable abnormality in the small myelinated fibres (fig 7) . The total myelinated fibre count in the control animals ranged from '9~a 4 tAS S.0-..\ e.- rat, cat and baboon and is due to the absence of significant segmental demyelination in acrylamide neuropathy.' 12 The mean muscle action potential amplitude was reduced by 35% which may be compared with the values of 74% and 91% in severely affected baboons and cats. 3 12 The smaller reduction observed in the present study indicates that the neuropathy in the dog was comparatively mild.
The electrophysiological studies on the sciatictibial nerve suggested that axonal degeneration of the largest nerve fibres was the predominant change in the affected dogs. The histological studies on the digital and sciatic-tibial nerve confirmed that an axonopathy affecting the largest fibres was present similar to that in other species. 35 The conduction velocity in vagal motor nerve fibres innervating the oesophagus has not been reported previously in the dog. The only study in which the conduction velocity of motor fibres to the oesophagus has been determined is in the sheep; '3 the velocity of fibres innervating the cervical oesophagus of the sheep was 15 to 30 m/s while the velocity of fibres innervating the thoracic oesophagus was 50 to 60 m/s. In contrast the velocity of motor fibres innervating the lower thoracic oesophagus in the dog was 20 m/s and was greater for more proximal recordings. These differences may reflect a species variation in oesophageal function. The amounts of striated and smooth muscle in the inner and outer layers of the oesophagus vary in different species. Sheep, dogs, and rabbits have predominantly striated muscle in the oesophagus. The results in the present study demonstrate that in animals with megaoesophagus the conduction velocity of motor fibres to the oesophagus was not reduced.
When the vagus nerve was stimulated at the level of the lung hilum the smooth contour of the compound nerve action potential was altered by the presence of small discrete spikes of low amplitude; these spikes represented activity in nerve fibres or bundles of nerve fibres that were in close proximity to the recording electrodes. Stimulation at both the lung hilum and the supradiaphragmatic level revealed that the conduction velocity of the fastest myelinated fibres was significantly slower in the affected group of animals. The difference in velocity was more marked when the vagus was stimulated at the more distal stimulating site. These results indicate that acrylamide damaged the fastest conducting and therefore the largest diameter nerve fibres in the midthoracic and supradiaphragmatic vagus.
In the present study the thoracic sympathetic trunk was examined since it contains sympathetic preganglionic nerve fibres innervating the oesophagus; previous studies have shown that sympathetic trunk fibres are predominantly preganglionic and the majority of them are from 1-5 to 3*5 gm in diameter. '4 In the dog the modal diameter was 2-5 am. In the affected animals there was no evidence of degenerative changes nor fibre loss in the sympathetic trunk. This contrasts with the reduction of myelinated fibres in the splachnic nerves of cats given acrylamide;3 these cats were more severely affected than the dogs in the present study. Since sympathectomy does not cause megaoesophagus nor does it have any effect when megaoesophagus has been produced by bilateral vagotomy in the dog,'5 any minor damage to the sympathetic innervation of the oesophagus is probably of little relevance.
The vagus trunk is a major pathway for both afferent and efferent oesophageal nerve fibres. There was no evidence of nerve fibre degeneration in the vagus at the cervical level in affected animals. Degenerative changes have been seen in previous studies in the recurrent Although vagal afferent fibre disturbance has been implicated in the production of the inappropriSatchell, McLeod, Harper, Goodman ate antidiuretic hormone syndrome in cases of acute idiopathic polyneuritis,25 there are few symptoms or signs that can be attributed to dysfunction of these fibres in man. Some studies have reported an association between peripheral neuropathy and gastrointestinal symptoms or asymptomatic oesophageal motility disorders in diabetes.8 26 In alcoholic neuropathy, both vagal dysfunction27 and oesophageal motility disturbances have been described. 7 The results of the present study indicate that there is damage to afferent fibres in the vagus in the experimental dying back neuropathy due to acrylamide. This finding may prove to be important in our understanding of gastrointestinal dysfunction associated with peripheral neuropathies as well as pointing to a possible site of pathophysiology in those cases of neuropathy in which unexpected death occurs. 
